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(54) Electro-optical device and electronic apparatus 



(57) An electro-optical device includes a display 
electrode disposed in an image display region of a TFT 
array substrate (10)» a pattern portion including at least 
one of wiring and a circuit element connected to the dis- 
play electrode directly or through a pixel switching ele- 
ment and provided In a frame region, which defines the 
periphery of the image display region (1 Da), and a lower 



shielding film (501 ) for covering the TFT array substrate 
side of at least a portion of the pattern portion. There- 
fore, in the electro-optical device such as a liquid crystal 
device, a iight-daric pattern due to the wiring and the cir- 
cuit element provided in the frame region can be pre- 
vented from being projected near the edge of a display 
image. 
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Description 

[0001] The present invention relates to the technical 
field of an electro-optical device such as a liquid crystal 
device or the like, and particularly to the technical field 5 
of an electro-optical device comprising a frame shielding 
film which defines an image display region, and an elec- 
tronic apparatus comprising the electro-optical device. 
[0002] This type of electro-optical device comprises 
an element array substrate on which display electrodes 
such as pixel electrodes or stripe electrodes, various 
wirings such as data lines and scanning lines, switching 
elements such as pixel-switching thin film transistors 
(refen-ed to as "TFT" hereinafter) or thin film diodes (re- 
ferred to as "TFD" hereinafter) are formed, and a coun- 15 
ter substrate on which a counter electrode fomied in 
stripes or formed over the entire surface, and a light 
shielding film are fonmed. The two substrates are dis- 
posed opposite to each other. Furthemriore, an electro- 
optical material such as a liquid crystal is sealed be- 20 
tween the two substrates with a sealing material, and 
an image display region In which the display electrodes 
are anranged is located nearer to the center (i.e., a re- 
gion of each substrate which faces the liquid crystal) 
than a seal region in which the seating material is 25 
present. Particularly, in a plan view of the device (as 
viewed from the direction perpendicular to the image 
display region), the frame region of the image display 
region is defined as a frame shape along the inner line 
of the seal region by the same film as the shielding film 30 
provided on the counter substrate as described above. 
[0003] A built-in peripheral circuit-type electro-optical 
device is also generalized, in which peripheral circuits 
such as a scanning line driving circuit, a data line driving 
circuit, a sampling circuit, an inspection circuit, etc. are 35 
fomied in the frame region and the peripheral region in 
the periphery of the frame region of the element array 
substrate. 

[0004] Therefore, wirings led from the image display 
region to the peripheral region are present in the frame 40 
region. Furthermore, when some of the peripheral cir- 
cuits such as the sampling circuit, and the like, which 
are connected to the wirings, are formed in the frame 
region, the circuit elements constituting some of the pe- 
ripheral circuits are present in the frame region. Namely, ^ 
a pattem comprising the wirings and the circuit elements 
is present in the frame region. 
[0005] The electro-optical device having the above 
construction Is contained in a light-shielding mounting 
case comprising a display window provided correspond- so 
ing to the image display region so that the edge of the 
display window is positioned near the center line of the 
frame region. 

[0006] However, in the above-described electro-opti- 
cal device, the pattem comprising the wirings and the ss 
circuit elements which are present in the frame region 
of the element an'ay substrate, is formed by patteming 
a conductive film such as an A1 film or the like. There- 



fore, in application to a projector in which incident light 
has high strength and contains a large quality of oblique 
components, the incident light is reflected by the surface 
of the pattem portion or passes through spaces of the 
pattem portion according to the reflectance. The light 
reflected by the pattem portion is reflected by a frame 
shielding film of chromium (Cr) provided on the counter 
substrate. Furthemiore, the intemally reflected light re- 
flected by the frame shielding film and the light passing 
through the pattem portion are reflected by the back of 
the element array substrate to produce reflected light (1), 
and the intemally reflected light reflected by the frame 
shielding flim and the light passing through the pattem 
portion are reflected by optical elements provided on the 
emission side of the electro-optical device, such as a 
polarizing plate, a retardation plate, dustproof glass, 
etc., to produce reflected light (ii). In a multi-substrate 
projector comprising a light valve comprising a plurality 
of electro-optical devices, light emitted from another 
electro-optical device passes through a synthetic optical 
system and is reflected by the pattem portion and the 
frame shielding film to produce intemally reflected light 
(iii). These lights (i), (ii), and (ii) are finally mixed with 
emitted light to emit light from the electro-optical device. 
[0007] Consequenfly, there is a problem in which a 
light-dark pattem (for example, light-dart^ fringe patterns 
when a plurality of wirings are anrayed) is projected near 
the edge of a display Image con^sponding to reflection 
from or transmission through the pattem portion. In ad- 
dition, the surface of the pattem portion comprising the 
wirings and the circuit elements has unevenness corre- 
sponding to the unevenness of an under surface and 
the shape of the pattem itself. Therefore, intemally re- 
flected light reflected by the uneven surface produces a 
light-dark pattem by interference of light, and thus the 
light-dari< pattem finally mixed in emitted light becomes 
further noticeable according to the structure of the pat- 
tem portion. 

[0008] In order to conceal the light-dari< pattem pro- 
jected by internal reflection from the wirings, a wide 
ft-ame shielding film must be formed so as to define the 
frame region to be significantly wider than the region on 
the substrate on which the pattern portion to be con- 
cealed is present. Therefore, it is difficult to comply with 
the basic requirement for the electro-optical device to 
ensure as a wide image display region as possible on 
the limited region of the substrate. Furthermore, in con- 
sideration of the fact that the retum light and the inter- 
nally reflected light are reflected by the surface of the 
frame shielding film, which ^ces the element array sub- 
strate, and finally mixed as light having a light-dark pat- 
tem with emitted light, it is theoretically difficult to com- 
pletely conceal the light-dari^ pattem by simply widening 
the frame shielding film. 

[0009] The present invention has been achieved for 
solving the above-described problem, and an object of 
the present invention is to provide an electro-optical de- 
vice capable of preventing a light-daric pattem due to a 
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pattern portion comprising wirings and circuit elements 
provided on a frame region from being projected outside 
a display image, and various electronic apparatus each 
comprising tlie electro-optical device. 
[001 0] In order to achieve the object, In a first aspect 5 
of the present invention, an electro-optical device com- 
prises display electrodes arranged In an Image display 
region of a substrate, a pattern portion comprising at 
least either of wiring and circuit elements connected to 
the display electrodes directly or through pixel switching io 
elements and provided In a frame region, which defines 
the periphery of the image display region, and a lower 
shielding film for covering the substrate side of at least 
a portion of the pattern portion. 

[0011] In the electro-optical device in the first aspect i5 
of the present Invention, for example, wirings such as 
data lines and scanning lines are led from the image dis- 
play region and anranged in the frame region. Besides 
the wirings or in addition to the wirings, transistors or 
circuit elements such as TFTs or TFDs, which constitute 20 
at least some of peripheral circuits connected to the lead 
wirings, are aaanged in the frame region. Therefore, im- 
age signals are supplied to the display electrodes such 
as pixel electrodes through the wirings and the circuit 
elements provided in the frame region, directly or 25 
through the pixel switching elements such as TFTs, to 
permit active matrix driving or passive matrix driving. 
[0012] Particulariy, in application to a projector in 
which Incident light has high strength and contains a 
large amount of oblique components, the incident light 30 
Is reflected by the surface of the pattem portion, which 
is formed by patteming a conductive film, y ^ 
comprising an A1 film, or passes through sp^^ ^^.-in'e 
pattem portion according to the reflectance of the pat- 
tern portion. However, in the present invention, in a por- 35 
tion of the frame region, the substrate side of at least a 
portion of the pattem portion comprising the wirings and 
the circuit elements is covered with the lower shielding 
film. Therefore, of the incident light reflected by the pat- 
tem portion or passing through the spaces of the pattem <o 
portion, the quantity of light mixed with final emitted light 
for display directly or after intemal refection is de- 
creased by a quantity corresponding to the quantity of 
light absorbed or reflected by the lower shielding film. 
More specifically, in a multi-substrate projector, for In- 45 
temally reflected light resulting from further reflection of 
retum light by the pattem portion and the frame shielding 
film, the quantity of the internally reflected light mixed 
with final emitted light for display is decreased by a 
quantity corresponding to the quantity of light absorbed ^0 
or reflected by the lower shielding film. 
[0013] Particulariy, the surface of the pattem portion 
comprising the wirings and the circuit elements has un- 
evenness corresponding to the unevenness of the lower 
surface or the shape of the pattem itself, and thus inter- 55 
nally reflected light reflected by the uneven surface has 
a llght-dari( pattem due to interference of light. However, 
the light-daric pattern can be decreased by absorption 



or reflection by the lower shielding film. 
[0014] As described above. In the electro-optical de- 
vice of the present invention, the light-dark pattem pro- 
jected outside the display image due to the pattem por- 
tion comprising the wirings and the circuit elements pro- 
vided in the frame region can be decreased. Therefore, 
the frame shielding film need not be widened for con- 
cealing the light-dark pattem projected near the edge of 
the display Image, thereby securing the wide image dis- 
play region in the limited region on the substrate. 
[0015] In addition, in the electro-optical device of the 
present invention, the lower shielding film is provided on 
a portion facing the pattem portion, not provided over 
the entire frame region, and thus the occurrence of 
stress can be decreased as compared with a case in 
which the lower shielding film Is formed over the entire 
frame region. 

[0016] In the electro-optical device in the first aspect 
of the present Invention, the frame shielding film Is pro- 
vided above the pattem portion In the frame region. 
[0017] In this case, for example, the frame shielding 
film comprises a built-in shielding film formed on the 
substrate, or a shielding film formed on the counter sub- 
strate opposing the substrate through the electro-optical 
material such as the liquid crystal, and the frame region 
can be defined by the frame shielding film provided 
above the pattem portion. Particulariy, the light-dari< pat- 
tem projected outside the display image by Internally re- 
flected light reflected by the inner plane of the frame 
shielding film according to the pattem portion can be de- 
creased by the lower shielding film disposed below the 
pattem portion. 

[0018] In the electro-optical device In the first aspect 
of the present invention, the lower shielding film is pro- 
vided on the flat surface of the substrate directly or 
through a flat underiying Insulating flim. 
[0019] In this case, the tower shielding flim Is fomried 
provided on the fiat surface of the substrate directly or 
through the flat underiying insulating film, and thus the 
surfece of the lower shielding film has substantially no 
unevenness. Therefore, even if retum light from the 
back side of the substrate and Internally reflected light 
are partially reflected by the lower shielding film, and 
mixed with final emitted light for display, the light-daric 
pattem due to interference can be decreased because 
light reflected by the flat lower shielding film has less 
interference. 

[0020] In the electro-optical device in the first aspect 
of the present invention, the circuit elements include first 
transistors, and each of the display electrodes compris- 
es a pixel electrode. The electro-optical device further 
comprises second transistors connected as the pixel 
switching elements to the pixel electrodes, the wirings 
being connected to the second transistors. 
[0021] In this case, image signals are supplied to the 
second transistors through at least some of the periph- 
eral circuits, for example, such as a sampling circuit, a 
scanning line driving circuit, a data line driving circuit, 
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an inspection circuit, a pre-charge circuit, etc., all of 
which are arranged in the frame region and comprise 
the first transistors. Switching of the pixel electrodes is 
controlled by the second transistors to permit active ma- 
trix driving. 

[0022] In the electro-optical device in the first aspect 
of the present invention, the same film as the lower 
shielding film is provided below the channel region of 
each of the second transistors. 
[0023] In this case, the lower side of the channel re- 
gion of each of the second transistors serving as the pix- 
el switching elements respectively connected to the pix- 
el electrodes is covered with the lower shielding film, 
and thus effectively prevent the phenomenon that retum 
light is incident on the channel regions to produce a light 
leakage cun'ent, preventing a change in the character- 
istics of the second transistors. Incident light incident on 
the channel regions of the second transistors from 
above may be cut off by the built-in film formed on the 
substrate, the wirings comprising an A1 shielding film or 
the like, and the shielding film provided on the counter 
substrate, without any problem. Particularly, the lower 
shielding film for shielding the second transistors in the 
pixel region and the lower shielding film for preventing 
the occurrence of the light-dark pattem in the frame re- 
gion comprise the same film, and can thus be fonned 
by the same production step, thereby simplifying the 
laminated stnicture on the substrate and the manufac- 
turing process. 

[0024] In the electro-optical device in the first aspect 
of the present invention, the lower shielding film com- 
prises a light-absorbing film. 

[0025] In this case, when retum light is incident on the 
surface of the substrate-side surface of the lower shield- 
ing film, reflected light is decreased by absorption by the 
lower shielding film. Therefore, even when the reflected 
light is finally mixed with emitted light for display, the 
light-dark pattem based on the reflected light can be de- 
creased. 

[0026] In this case, the light-absorbing film may con- 
tain at least one of a polysilicon film and a high-melting- 
point metal film. 

[0027] In this construction, the light-absorbing film 
having an excellent light-absorising function can rela- 
tively easily be formed. 

[0028] In the electro-optical device in the first aspect 
of the present invention, the lower shielding film is 
formed in an island-like shape. 
[0029] In this case, the lower shielding film is formed 
In separated islands, and thus the occurrence of stress 
due to the presence of the lower shielding film can be 
reduced to improve manufacture yield and reliability of 
the device, as compared with a case in which the lower 
shielding film is fomried over the entire frame region. 
[0030] In the electro-optical device in the first aspect 
of the present invention, the lower shielding film may 
comprise a conductive film. 

[0031] In this case, the lower shielding film comprises 
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the conductive film, and can thus be used not only as 

the shielding film but also as the wiring or the like. 
[0032] When the lower shielding film comprises the 
conductive film, a fixed potential may be supplied to at 

5 least a portion of the lower shielding film. 

[0033] In this construction, it is possible to prevent a 
variation in the potential of the lower shielding film from 
adversely affecting the wirings and the circuit elements 
in the frame region. 

10 [0034] Altematively, when the lower shielding film 
comprises the conductive film, at least portions of the 
lower shielding film, which are deposited below the first 
transistors, have a floating potential. 
[0035] In this construction, the portions of the lower 

15 shielding film, which are deposited below the first tran- 
sistors, have a floating potential, and it is thus possible 
to effectively prevent a variation in the potential of the 
lower shielding film from adversely affecting the charac- 
teristics of the first transistors. 

20 [0036] In this case, the portions of the lower shielding 
film, which are deposited below the first transistors, may 
be fomied to include island-like portions which separate 
the portions of the lower shielding film, which face the 
source electrodes of the first transistors, from the por- 

25 tions of the lower shielding film, which face the drain 
electrodes of the first transistors. 
[0037] In this constnjction. the island-like portions of 
the lower shielding film separate the portions of the low- 
er shielding film, which face the source electrodes of the 

30 first transistors, from the portions of the lower shielding 
film, which face the drain electrodes of the first transis- 
tors, thereby decreasing capacitance coupling between 
the source electrodes and the drain electrodes due to 
the parasitic capacitance between the lower shielding 

35 film and the source electrodes, and the parasitic capac- 
itance between the lower shielding film and the drain 
electrodes. Therefore, high transistor characteristics 
can be obtained from the first transistors. 
[0038] When the lower shielding film comprises the 

40 conductive film, at least the portions of the lower shield- 
ing film, which are deposited below the first transistors, 
may be formed to have slits which separate the portions 
of the lower shielding film, which face the source elec- 
trodes of the first transistors, from the portions of the 

45 lower shielding film, which face the drain electrodes of 
the first transistors. 

[0039] In this construction, the slits of the lower shield- 
ing film separate the portions of the lower shielding film, 
which face the source electrodes of the first transistors, 

50 from the portions of the lower shielding film, which face 
the drain electrodes of the first transistors, thereby de- 
creasing capacitance coupling between the source 
electrodes and the drain electrodes due to the parasitic 
capacitance between the lower shielding film and the 

55 source electrodes, and the parasitic capacitance be- 
tween the lower shielding film and the drain electrodes. 
Therefore, high transistor characteristics can be ob- 
tained from the first transistors. 
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[0040] When the lower shielding film comprises the 
conductive film, the lower shielding film may be formed 
so as not to be deposited below the channel regions of 
the first transistors. 

[0041] In this construction, the lower shielding film is 
not disposed below the channel regions of the first tran- 
sistors, and it is thus possible to effectively prevent a 
variation in the potential of the lower shielding film from 
adversely affecting the characteristics of the first tran- 
sistors. 

[0042] When the lower shielding film comprises the 
conductive film, at least the portions of the lower shield- 
ing film, which are deposited below the channel regions 
of the first transistors, may have the gate potential of the 
first transistors. 

[0043] In this construction, the portions of the lower 

shielding film, which are deposited below the channel 
regions of the first transistors, have the gate potential of 
the first transistors, and the gate electrodes of the first 
transistors can be fomned above the lower shielding film 
to fomn back channels by those portions of the lower 
shielding film. Therefore, the characteristics of the first 
transistors can be improved. 

[0044] In the electro-optical device in the first aspect 
of the present invention, the lower shielding film is 
formed to extend from the outer edge of the image dis- 
play region to the peripheral side by a predetemiined 
width which is previously set according to the incidence 
angle of incident light applied to the frame region. 
[0045] In this case, for example, in application to a 
projector for extended projection, the incidence angle of 
incident light applied to the frame region is increased, 
and the lower shielding film is formed to extend from the 
outer edge of the image display region to the peripheral 
side by the predetermined width previously set accord- 
ing to the incidence angle. Namely, in the frame region, 
the lower shielding film can be formed only in a region 
necessary for preventing the light-daric pattern accord- 
ing to the incidence angle. 

[0046] However, in some cases, the effect of the 
present invention, I.e., the effect of preventing projection 
of any image, which should not be basically displayed, 
outside the display image, cannot be sufficiently 
achieved only by the lower shielding film covering the 
pattern portion as described above. Namely, in the re- 
gion outside the pattem formation region, i.e., in the re- 
gion in which the wirings and the circuit elements are 
not formed, there is no light shield, thereby allowing in- 
cident light to pass through that region. The passing light 
reaches the region outside the display Image to project 
a dim light image around the display image, thereby pos- 
sibly deteriorating the appearance of the image. 
[0047] Therefore, in order to achieve the object, in a 
second aspect of the present invention, an electro-opti- 
cal device comprises display electrodes anranged In an 
image display region of a substrate, a pattern portion 
comprising at least either of wiring and circuit elements 
connected to the display electrodes directly or through 



pixel switching elements and provided in a frame region 
which defined the periphery of the image display region, 
a first lower shielding film for covering the substrate side 
of at least a portion of the pattem portion and a second 

5 lower shielding film comprising the same film as the first 
lower shielding film and fonmed in the frame region ex- 
cept in the region where the pattem portion is fonmed. 
[0048] In the electro-optical device in the second as- 
pect of the present invention, for example, wirings such 

10 as data lines and scanning lines are led from the image 
display region and arranged in the frame region. Be- 
sides the wirings or in addition to the wirings, transistors 
or circuit elements such as TFTs or TFDs, which consti- 
tute at least some of peripheral circuits connected to the 

15 led wirings, are arranged in the frame region. Therefore, 
Image signals are supplied to the display electrodes 
such as pixel electrodes through the wirings and the cir- 
cuit elements provided in the frame region, directly or 
through the pixel switching elements such as TFTs, to 

20 permit active matrix driving or passive matrix driving. 
[0049] Pariiculariy, in application to a projector in 
which incident light has high strength and contains a 
large amount of oblique components, as described 
above, the incident light is reflected by the pattern por- 

25 tion or passes through spaces of the pattem portion , and 
is then projected on an image, deteriorating the appear- 
ances of the image. Furthermore, in the region other 
than the pattern fonnation region, i.e., in the region in 
which the wirings and the circuit elements are not 

30 fomried, there is no light shield, thereby allowing incident 
light to pass through that region. 
[0050] However, in the present invention, the proba- 
bility that light is reflected by the pattem portion or pass- 
ing through the spaces of the pattern portion, and mixed 

35 with light for forming an image can be decreased by ab- 
sorption or reflection by the lower shielding film. This is 
the same as described above with respect to the electro- 
optical device in the first aspect of the present invention. 
Pariiculariy, in the present invention, the second lower 

40 shielding film is formed in the region in except the region 
where the pattern portion is formed, the passing light 
can be cut off, that is, the light can be absortDed or re- 
flected by the second lower shielding film. Therefore, in 
the present invention, it is possible to prevent the phe- 

45 nomenon that a dim light image appears around the dis- 
play image, thereby displaying a high quality image with 
a good appearance. 

[0051] In addition, the first lower shielding film and the 
second lower shielding film comprise the same film, 

50 thereby simplifying the manufacturing process or de- 
creasing the manufacturing cost. 
[0052] In order to achieve the object, in a third aspect 
of the present invention, an electro-optical device com- 
prises display electrodes an-anged in an image display 

55 region of a substrate, a pattem portion comprising at 
least either of wiring and circuit elements connected to 
the display electrodes directly or through pixel switching 
elements and provided in a frame region which defined 
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the periphery of the image display region, a lower shield- 
ing film for covering the substrate side of at least a por- 
tion of the pattern portion an in-region shielding film 
comprising the same film as the lower shielding film and 
formed to cover the substrate sides of the channel re- 5 
gions of second transistors serving as the pixel switch- 
ing elements, and an out-of-region shielding film com- 
prising the same film as the lower shielding film and the 
in-region shielding film and formed in at least a portion 
of a peripheral region around the image display region, io 
the peripheral region including the frame region. 
[0053] In the electro-optical device in the third aspect 
of the present invention, for example, wirings such as 
data lines and scanning lines are led from the image dis- 
play region and arranged in the frame region. Besides 
the wirings or in addition to the wirings, transistors or 
circuit elements such as TFTs or TFDs, which constitute 
at least some of peripheral circuits connected to the led 
wirings, are arranged in the frame region. Therefore, im- 
age signals are supplied to the display electrodes such 20 
as pixel electrodes through the wirings and the circuit 
elements provided in the frame region, directly or 
through the pixel switching elements such as TFTs, to 
permit active matrix driving or passive matrix driving. 
[0054] Particulariy, in the present invention, the three 25 
types of the shielding films, i.e., the lower shielding film, 
the in-region shielding film, and the out-of-region shield- 
ing film, are fomned by using the same film. Of these 
shielding films, the lower shielding film avoids the light 
reflected by the pattern portion or passing through the 30 
spaces of the pattem portion from being mixed with the 
image, as described above with respect to the electro- 
optical device in the first aspect of the present invention. 
This can decrease the light-dari< pattem projected near 
the edge of the display image. 35 
[0055] On the other hand, the in-region shielding film 
increases the light resistance of the second transistors 
as the pixel switching elements formed in the image dis- 
play region. Namely, the in-region shielding film is 
formed to cover the substrate sides of at least the chan- 40 
nel regions of the second transistors, and thus prevents 
incidence of light on the channel regions and suppress- 
es the occun-ence of a light leakage cunrent from the 
channel regions. It is thus possible to prevent the occur- 
rence of a change in the characteristics of the second 45 
transistors, or flickering of an image due to operation 
error or the like. Therefore, the quality of the display im- 
age can be improved. 

[0056] Furthermore, in the present invention, the out- 
of-region shielding film is formed in the peripheral region so 
around the image display region. The out-of-region 
shielding film is an idea including the lower shielding 
film, and is different from the lower shielding film in that 
the formation region of the out-of-region shielding film 
is not limited to the frame region. The out-of-region 55 
shielding film can cut off the travel of light passing 
through the periphery (i.e.. the peripheral region) of the 
image display region. Therefore, in the present inven- 



tion, it is possible to more effectively prevent the phe- 
nomenon that a dim light image occurs around the dis- 
play image, thereby permitting the display of a high- 
quality image with a good appearance. 
[0057] Furthenfnore, in the present invention, all the 
lower shielding film, the in-region shielding film, and the 
out-of-region shielding film are fomied by using the 
same film, i.e., simultaneously formed in the manufac- 
turing process, thereby simplifying the manufacturing 
process or decreasing the manufacturing cost, as com- 
pared with a case in which these films are separately 
fomied. 

[0058] In the electro-optical device in the third aspect 
of the present invention, the out-of-region shielding film 
includes the second lower shielding film comprising the 
first lower shielding film and formed in the frame region 
except in the region in which the pattem portion is 
formed. 

[0059] In this case, the second lower shielding film 
formed in the frame region except in the region in which 
the pattem portion is formed can prevent the passage 
of light which cannot be sufficiently prevented only by 
the first lower shielding film. Namely, in the region in 
which the pattem portion comprising the wirings and the 
circuit elements is not formed, unconditional passage of 
incident light can be prevented. Therefore, in the 
present invention, it is possible to more effectively pre- 
vent the phenomenon that a dim light image appears 
around the display image, thereby displaying a high 
quality image with a good appearance. 
[0060] In the electro-optical device in the third aspect 
of the present invention, peripheral circuits for driving 
the display electrodes are provided in the peripheral re- 
gion so as to be connected to the pattem portion, and 
the out-of-region shielding film is formed in a region oth- 
er than the region in which a second pattern portion is 
formed for connecting at least a pair of wirings, a pair of 
circuit elements constituting the peripheral circuits, and 
a pair of wiring and circuit element. 
[0061] In this case, the out-of-region shielding film is 
formed in the region except in the region in which the 
second pattem portion is formed for connecting at least 
a pair of wirings, a pair of circuit elements constituting 
the peripheral circuits, and a pair of wiring and circuit 
element. Namely, in this case, the out-of-region shield- 
ing film includes a portion formed to "fill" a portion of the 
peripheral region, where no element is basically formed. 
Therefore, the out-of-region shielding film can further 
decease the occurrence of passage of the "passing" 
light. 

[0062] In the portion where the wirings and the circuit 
elements constituting the peripheral circuits are fomied. 
"direct" passage of light is prevented by the wirings and 
the circuit elements (i.e., the passage of light is cut off 
by the wirings and the circuit elements to some extent). 
Therefore, the out-of-region shielding film can be 
formed in an appropriate and necessary portion. It is 
thus possible to realize a relative decease in the area of 
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the shielding film, and a decrease in the action of internal 
stress of the out-of-region shielding film. 
[0063] According to circumstance, the out-of-region 
shielding film may be formed in the region where the 
second pattem is fomied. In this case, the out-of-region 
shielding film Is fonned over the entire region to cause 
the defect that the problem of internal stress becomes 
noticeable. However, as described above with respect 
to the pattem portion, light is also absorbed or reflected 
by the second pattem portion, exhibiting a reasonable 
meaning. Namely, from the viewpoint of the prevention 
of mixing of light absorbed or reflected by the second 
pattem portion with light for forming the image, it is 
meaningful to form the out-of-region shielding film in the 
region where the second pattem portion is formed. In 
this case, it is proper to briefly express that "the out-of- 
region shielding film is fonned to cover the entire periph- 
eral region." 

[0064] In the electro-optical device in the second or 
third aspect of the present invention, the out-of-region 
shielding film is formed in islands. 
[0065] In this case, the out-of-region shielding film is 
formed in islands, and thus the intemal stress of the film 
can be apparently decreased, as compared with the 
shielding film formed over the entire region. Therefore, 
it is possible to prevent a trouble in which the out-of- 
region shielding film is broken by its own intemal stress, 
or a trouble in which the intemal stress acts on other 
elements (for example, an interiayer insulating film) 
present around the out-of-region shielding film to cause 
cracks. 

[0066] Particulariy, in this case, the distance between 
the adjacent islands is 4 ^m or less. 
[0067] In this construction, the distance between the 
islands of the out-of-region shielding film is appropriate- 
ly set. The reason for this is described in detail below. 
When the shielding film is formed in islands, light pos- 
sibly passes through the spaces between the islands. 
For example, return light Incident on the back of the sub- 
strate possibly passes through the spaces. In this case, 
the passing light is reflected by the frame shielding film 
or the like provided at the back and again passes 
through the spaces to be possibly mixed with light for 
forming the image. However, in the present invention, 
the distance between the islands is 4 \im or less, and 
thus the above-described possibility less occurs. Name- 
ly, because of the relatively narrow spaces of 4 ^m or 
less, there is substantially no probability that light pass- 
ing through the spaces is reflected by the element pro- 
vided at the back and again passes through the spaces. 
Also, incident light, which is not return light, possibly 
passes through the spaces directly. However, in this 
case, the influence on the image can be minimized be- 
cause of the relatively small distance. 
[0068] Therefore, in the present invention, the func- 
tion of the shielding films, i.e., the function to prevent 
the occun-ence of a light image around the display im- 
age, can be sufficiently exhibited while obtaining the 



function of the islanded shielding film, i.e.. the function 
to decrease the intemal stress. 
[0069] For the above-described reason, in the present 
invention, the distance between the adjacent islands Is 

5 more preferably 2 fim or less. 

[0070] The electro-optical device in the second or 
third aspect of the present invention may further com- 
prise a mounting case for mounting the electro-optical 
device, the mounting case having a display window 

10 formed corresponding to the image display region, 
wherein at least one of the second lower shielding film 
and the out-of-region shielding film is fomied in at least 
a portion of the region between the edge of the display 
window and the edge of the image display region. 

15 [0071] In this case, the mounting case has the display 
window formed so that the image display region can be 
seen firom the outside of the electro-optical device. 
Namely, in the display window portion including the im- 
age display region, light is substantially possibly trans- 

20 mitted, while in the other portions, light is cut off by the 
material (for example, preferably a metal material such 
as magnesium or an alloy thereof) constituting the 
mounting case. This means that the presence of light 
reflected by the pattem portion, light passing through 

25 the pattem portion, or light passing through the region 
other than the region in which the pattem portion is 
formed, need not be taken Into account as far as the 
portion other than the display window Is concemed. 
However, in the display window except in the image dis- 

30 play region, the above light must be taken into consid- 
eration. 

[0072] In the present invention, at least one of the sec- 
ond shielding film and the out-of-region shielding film 
(simply refenred to as the "shielding film of the present 

35 invention" hereinafter) is formed in at least a portion of 
the region between the edge of the display window and 
the edge of the image display region, and thus the 
above-described functions can be exhibited, and effec- 
tive shielding can be achieved. At the same time, this 

40 means that the shielding film of the present invention 
may be formed in an appropriate necessary area, there- 
by realizing relative nan-owing of the area. Therefore, 
the intemal stress of the shielding fllm can be further 
decreased, thereby further improving the reliability of 

45 the device. 

[0073] In the electro-optical device in the second or 
third aspect of the present invention, the lower shielding 
film, the second lower shielding film, the In-region 
shielding film or the out-of-region shielding film can be 

50 provided with the same characteristics as the lower 
shielding film of the electro-optical device in the first as- 
pect of the present invention. Namely, such a shielding 
film may be formed on a flat substrate or underiying in- 
sulating film, may comprise a light-absorbing fllm, par- 

55 ticulariy at lest one of a polysillcon film and a high-melt- 
ing-point metal film, may comprise a conductive film, or 
may have a fixed potential or floating potential. In this 
case, cleariy, the same functions as described above 
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can be obtained in the electro-optical device in the sec- 
ond or third aspect of the present invention. 
[0074] The electro-optical device In the second or 
third aspect of the present invention further comprises 
a frame shielding film disposed above the pattern por- 5 
tion in the frame region, the frame shielding film com- 
prising aluminum. 

[0075] In this case, the frame region can be defined 
by the frame shielding film disposed above the pattem 
portion and comprising, for example, a built-in shielding io 
film fomned on the substrate, or a shielding film formed 
on the counter substrate opposing the substrate with an 
electro-optical material such as a liquid crystal provided 
therebetween. 

[0076] Particularly, in the present invention, the frame is 
shielding film comprises at least aluminum, and thus 
light Is easily reflected to less accumulate heat In the 
electro-optical device. Therefore, for example, the sta- 
ble operation of a thin film transistor serving as a pixel 
switching element can be secured, thereby pennitting 20 
the stable operation of the electro-optical device over a 
relatively long period of time. 
[0077] However, with the frame shielding film com- 
prising such a material having high light reflectivity, It Is 
said that the occurrence of the light-dark pattem project- 25 
ed around the display Image or the occurrence of a dim 
light image appearing near the edge of the image be- 
comes further noticeable. 

[0078] However, in the present invention, the light- 
dari< pattem projected outside the display image due to 30 
the intemaiiy reflected light, which is reflected by the In- 
ner surface of the frame shielding film, according to the 
pattem portion can be decreased by the lower shielding 
film disposed below the pattem portion. Furthermore, in 
the present invention, even when the Internally reflected 35 
light reflected by the inner surface of the frame shielding 
film passes directly through the substrate, the second 
lower shielding film or the out-of-region shielding film 
can suppress the occurrence of a dim light image ap- 
pearing near the edge of the display image. ^ 
[0079] In order to achieve the object of the present 
invention, an electronic apparatus comprises each of 
the above-described electro-optical devices of the 
present invention (including the various fomns). 
[0080] The electronic apparatus of the present inven- 45 
tion comprises the electro-optical device of the present 
invention, and thus the light-dark pattem due to the pat- 
tem portion comprising the wirings and the circuit ele- 
ments provided in the frame region is not projected with- 
in the display image. It is thus possible to realize various so 
electronic apparatuses capable of displaying high-qual- 
ity Images, such as a projection display device, a liquid 
crystal television, a cellular phone, an electronic note- 
book, a word processor, a view finder-type or monitor 
direct viewing video tape recorder, a work station, a pic- ss 
ture phone, a POS terminal, a touch panel, etc. 
[0081 ] Embodiments of the present invention will now 
be described by way of further example only and with 



reference to the accompanying drawings, in whlch:- 

Flg. 1 is a plan view showing a TFT array substrate 
in an electro-optical device together with compo- 
nents formed on the substrate according to a first 
embodiment of the present invention, as viewed 
from the counter substrate side. 
Fig. 2 is a sectional view taken along line H-H' in 
Fig. 1. 

Fig. 3 is a block diagram showing equivalent circuits 
comprising various elements provided on a plurality 
of pixels arranged in a matrix to form an Image dis- 
play region and wirings, and peripheral circuits in 
the electro-optical device of the first embodiment of 
the present invention. 

Fig. 4 is an enlarged partial sectional view showing 
a portion near the CR portion shown in Fig. 2. 
Fig. 5 is an enlarged partial sectional view showing 
a portion of a comparative example, which corre- 
sponds to the vicinity of the CR portion shown in 
Fig. 2. 

Fig. 6 is a schematic partial perspective view show- 
ing a frame shielding film, data line lead wiring, and 
a lower shielding film In the portion shown In Fig. 4. 
Fig. 7 a schematic partial perspective view showing 
a frame shielding film and data line lead wiring in 
the portion of the comparative example shown in 
Fig. 5. 

Fig. 8 is a plan view showing a plurality of adjacent 
pixel groups on a TFT array substrate on which data 
lines, scanning lines, pixel electrodes, etc. are 
formed in an electro-optical device according to an 
embodiment of the present Invention. 
Fig. 9 is a sectional view taken along line E-E' in 
Fig. 8. 

Fig. 10 Is an enlarged plan view showing a comple- 
mentary transistor constituting a peripheral circuit 
according to a second embodiment of the present 
invention. 

Fig. 11 is a sectional view taken along line A-A' in 
Fig. 10. 

Fig. 12 Is an enlarged plan view showing a comple- 
mentary transistor constituting a peripheral circuit 
according to a third embodiment of the present In- 
vention. 

Fig. 13 is a sectional view taken along line B-B' in 
Fig. 12. 

Fig. 14 is an enlarged plan view showing a comple- 
mentary transistor constituting a peripheral circuit 
according to a fourth embodiment of the present in- 
vention. 

Fig. 15 is a sectional view taken along line C-C in 
Fig. 14. 

Fig. 16 is an enlarged plan view showing a comple- 
mentary transistor constituting a peripheral circuit 
according to a fifth embodiment of the present in- 
vention. 

Fig. 17 Is a sectional view taken along line D-D' in 
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Fig. 16. 

Fig. 18 is an enlarged plan view showing a portion 
in a sixth embodiment of the present invention, 
which corresponds to the vicinity of the portion de- 
noted by character A in Fig. 1 . 5 
Fig. 19 is an enlarged plan view showing a portion 
in a conventional example, which corresponds to 
the vicinity of the portion denoted by character A in 
Fig. 1. 

Fig. 20 is an enlarged sectional view showing a por- io 
tion in the sixth embodiment of the present inven- 
tion, which con-esponds to the vicinity of the portion 
denoted by character CR in Fig. 2. 
Fig. 21 is a schematic sectional view showing a 
color liquid crystal projector as an example of a pro- i5 
jection color display device according to an embod- 
iment of the present invention. 

[0082] Embodiments of the present invention will be 
described below with reference to the drawings. In each 20 
of the embodiments, an electro-optical device of the 
present invention is applied to a liquid crystal device. 

(First Embodiment) 

25 

[0083] The whole construction of an electro-optical 
device according to a first embodiment of the present 
invention is first described with reference to Figs. 1 and 
2. Here, a liquid crystal device in a built-in driving circuit- 
type TFT active matrix driving system is described as 30 
an example of electro-optical devices. 
[0084] Fig. 1 is a plan view showing a TFT array sub- 
strate together with the components formed thereon, as 
viewed from the counter substrate side, and Fig. 2 is a 
sectional view taken along line H-H' in Fig. 1 . 35 
[0085] In Figs. 1 and 2, the electro-optical device of 
this embodiment comprises a TFT anray substrate 10 
and a counter substrate 20 which are disposed opposite 
to each other. A liquid crystal layer 50 is sealed between 
the TFT an^y substrate 10 and the counter substrate 40 
20, and the TFT array substrate 1 0 and the counter sub- 
strate 20 are bonded together with a sealing material 52 
provided in a seal region positioned around an image 
display region 10a. 

[0086] In order to bond the TFT array substrate 1 0 and 45 

the counter substrate 20 together, the sealing material 
52 comprises, for example, an ultraviolet curing resin, a 
thermal curing resin, or the like. The sealing material 52 
is coated on the TFT array substrate 10, and then cured 
by ultraviolet irradiation, heating, or the like in the man- so 
ufacturing process. Furthemiore, the sealing material 
52 comprises glass fibers or glass beads dispersed 
therein, for setting the distance (substrate gap) between 
the TFT array substrate 10 and the counter substrate 
20 to a predetennined value. Namely, the electro-optical ss 
device of this embodiment is suitable as a light valve for 
a small projector for extended display. However, when 
the electro-optical device is used as a large liquid crystal 



device for 1 x magnification display, such as a liquid 
crystal display or a liquid crystal television, such a gap 
material may be contained in the liquid crystal layer 50. 
[0087] Furthermore, a light-shielding frame shielding 
film 53 is provided in parallel with the inner side of the 
seal region in which the sealing material 52 is disposed, 
so as to define the image display region 1 0a. The frame 
shielding film may be partially or entirely provided as a 
built-in shielding film on the TFT array substrate 10. 
[0088] Particuiariy, in this embodiment, a lower 
shielding film 501 is partially formed below the frame 
shielding film 53. The lower shielding film 501 is partially 
formed below the frame shielding film 53 to extend from 
the outer edge of the image display region 10a to the 
outer periphery. The structure and the shielding function 
of the lower shielding film 501 are described later. 
[0089] In the peripheral region of the image display 
region 10a, a data line driving circuit 101 and extemal 
circuit connection tenminals 102 are provided along one 
side of the TFT array substrate 10 in a portion outside 
the seal region in which the sealing material 52 is dis- 
posed. Furthermore, in the portion outside the seal re- 
gion, scanning tine driving circuits 104 are provided 
along the two sides adjacent to the one side of the TFT 
array substrate 10. Also, a plurality of wirings 105 is pro- 
vided on the remaining side of the TFT array substrate 
10, for connecting the scanning line driving circuits 104 
provided on the two sides of the image display region 
10a. As shown in Fig. 1, vertical conductive materials 
1 06 having the function as a vertical conduction terminal 
between the two substrates are provided at the four cor- 
ners of the counter substrate 20. On the other hand, on 
the TFT array substrate 10, vertical conduction tenmi- 
nals are provided at positions corresponding to the four 
comers of the counter substrate 20. This can achieve 
electrical conduction between the TFT an^y substrate 
10 and the counter substrate 20. 
[0090] Particuiariy, in this embodiment, a sampling 
circuit 301 for sampling image signals supplied from the 
data line driving circuit 101 Is provided in the frame re- 
gion comprising the frame shielding film 53. Namely, the 
circuit elements described below, such as TFTs consti- 
tuting the sampling circuit 301 , are disposed In the frame 
region. Furthermore, various wiring portions such as a 
wiring portion extending from the data lines provided in 
the image display region 1 0a to the sampling circuit 301 , 
a wiring portion extending from the data line driving cir- 
cuit 1 01 to the sampling circuit 301 , and a wiring portion 
extending from the scanning lines provided in the image 
display region 10a to each of the scanning line driving 
circuits 104 are disposed in the frame region. 
[0091] In Fig. 2, on the TFT array 10, pixel switching 
TFTs, and the wirings such as the scanning lines and 
the data lines are fomied for pixel electrodes 9a, and an 
alignment film is further formed on the pixel electrodes 
9a. On the other hand, on the counter substrate 20, a 
counter electrode 21 and an alignment film as an upper- 
most layer are formed. The liquid crystal layer 50 com- 
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prises, for example, a nematic liquid crystal or a mixture 
of several types of nematic liquid crystals, and assumes 
a predetermined orientation state between two align- 
ment films. 

[0092] Besides the data line driving circuit 101, the 
scanning ling driving circuits 104, and the sampling cir- 
cuit 301 , a pre-charge circuit for supplying a pre-charge 
signal in a predetermined voltage level to each of the 
plurality of data lines before Image signals, an inspec- 
tion circuit for inspecting the quality and defects of the 
electro-optical device in the course of manufacture and 
at the time of shipment may be formed on the TFT array 
substrate 10 shown in Figs. 1 and 2. 
[0093] Next, the circuit configurations and the opera- 
tion of the electro-optical device having the above con- 
struction will be described below with reference to Fig. 
3. Fig. 3 Is a blocic diagram showing equivalent circuits 
comprising various elements of the plurality of pixels 
formed in a matrix in the image display region, and wir- 
ings, and the peripheral circuits In the electro-optical de- 
vice. 

[0094] In the electro-optical device of this embodi- 
ment shown in Fig. 3, the pixel electrode 9a and a TFT 
30 for controlling switching of the corresponding pixel 
electrode 9a are fomned for each of the plurality of pixels 
formed in a matrix to form the image display region, and 
a data line 6a, to which Image signals are supplied, Is 
electrically connected to the source of the correspond- 
ing TFT 30. 

[0095] In the peripheral region outside the image dis- 
play region 10a, an end (the lower end in Fig. 3) of each 
of the data lines 6a is connected to the drain of a conre- 
spondlng TFT 202 constituting the sampling circuit 301 . 
On the other hand, image signal lines 115 are respec- 
tively connected, through lead wirings 11 6, to the sourc- 
es of the TFTs 202 constituting the sampling circuit 301 . 
Furthermore, sampling circuit driving signal lines 114 
connected to the data line driving circuit 101 are respec- 
tively connected to the gates of the TFTs 202 constitut- 
ing the sampling circuit 301 . Therefore, image signals 
SI, S2,..., Sn supplied through the image signal lines 
115 are sampled by the sampling circuit 301 according 
to the sampling circuit driving signals supplied from the 
data line driving circuit 101 through the sampling circuit 
driving signal lines 114, and then supplied to the respec- 
tive data lines 6a. 

[0096] The image signals SI , S2,..., Sn written in the 
data lines 6a may be sequentially supplied In that order, 
or may be supplied to each group comprising a plurality 
of adjacent data lines 6a. 

[0097] The scanning lines 3a are also electrically con- 
nected to the gates of the pixel switching TFTs 30 so 
that pulsed scanning signals G1, G2, .... Gm are line- 
sequentially supplied, in that order, to the scanning lines 
3a from the scanning line driving circuits 104 with pre- 
determined timing. The pixel electrodes 9a are respec- 
tively electrically connected to the drains of the TFTs 30, 
and the switches of each of the TFTs 30 serving as the 



switching elements are closed for a predetemnined time 

to write the Image signals SI S2 Sn supplied from 

the data lines 6a with predetermined timing. The image 
signals SI , S2, Sn in the predetermined level written 

5 in the liquid crystal as an example of electro-optical ma- 
terials through the pixel electrodes 9a are stored be- 
tween the TFT an-ay substrate 10 and the counter elec- 
trode 21 formed on the counter substrate 20 for a pre- 
determined time. The orientation and order of the mol- 

10 ecules of the liquid crystal vary with the potential level 
applied to modulate light, thereby pemiltting a gray- 
scale display. In a normally white mode, the transmit- 
tance of incident light decreases according to the volt- 
age applied by pixel, while In a normally black mode, the 

15 transmlttance of incident light increases according to the 
voltage applied by pixel. As a result, light having contrast 
corresponding to the image signals is emitted from the 
electro-optical device as a whole. In order to prevent a 
leakage of the image signals stored, a storage capacitor 

20 70 is added In parallel with a liquid capacitance formed 
between each of the pixel electrodes 9a and the counter 
electrode 21 . Also, capacitance tines 300 fixed at a pre- 
determined potential and containing fixed potential-side 
electrodes of the storage capacitor 70 are provided In 

25 parallel with the scanning lines 3a. 

[0098] With respect to the detailed configuration of the 
frame region comprising the frame shielding film 53 and 
the peripheral region of the electro-optical device shown 
in Figs. 1 and 2, the structure and the function of the 

30 lower shielding film 501 provided in the frame region are 
mainly described with reference to Figs. 4 to 7. Fig. 4 is 
an enlarged partial sectional view showing the vicinity 
of the CR portion shown In Fig. 2, and Fig. 5 is an en- 
larged partial sectional view showing a portion of a com- 

35 parative example, which con-esponds to the vicinity of 
the CR portion shown in Fig. 2. Fig. 6 is a schematic 
partial perspective view showing a portion including the 
frame shielding film 53, lead wirings 206 of the data lines 
6a. and the lower shielding film 501 shown in Fig. 4, and 

^0 Fig. 7 Is a schematic partial perspective view showing 
a portion including the frame shielding film 53 and the 
lead wirings 206 of the data lines in the comparative ex- 
ample. 

[0099] As shown in Fig. 4, in this embodiment, various 
45 wirings such as the lead wirings 206 of the data tines 
6a, and various circuit elements such as the TFTs con- 
stituting the sampling circuit 301 are disposed as an ex- 
ample of a pattern portion in the frame region below the 
frame shielding film 53. The lower shielding film 501 is 
50 provided below the lead wirings 206 provided in the 
frame region. 

[0100] In the comparative example shown in Fig. 5, 
the lower shielding film 501 is not provided. 
[0101] As shown in Fig. 6, in this embodiment, there- 
55 fore, when incident light LI incident from above has high 
strength and contains a large quantity of oblique com- 
ponent, as in application to a projector, the incident light 
LI is reflected by the surfaces of the lead wirings 206 
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formed by patterning a conductive film of an A1 film, or 
the incident light passes through the spaces between 
the lead wirings 206 according to the reflectance of the 
lead wirings 206. The TFT array substrate side (the low- 
er side in Fig. 6) of the lead wirings 206 is covered with 5 
the lower shielding film 501 . Therefore, of the incident 
light LI reflected by the lead wirings 206 or passing 
through the spaces between the lead wirings 206 in the 
vicinity of the periphery of the frame region, i.e., the vi- 
cinity of the periphery of the image display region 10a. 
the quantity of light L3 finally mixed with emitted tight 
Lout fo'' display directly or after intemal reflection is sig- 
nificantly decreased by a quality con-esponding to the 
quantity of light absorbed or reflected by the lower 
shielding flim 501. 

[0102] More specifically, as shown in Figs. 4 and 6, 
when light reflected by the lead wirings 206 travels to- 
ward the TFT anray substrate 10 near the frame shield- 
ing film 53 because the light is reflected by the inner 
surface of the frame shielding film 53, the quantity of 
light mixed with the emitted light LQ^^^ for display is de- 
creased by a quantity corresponding to the quantity of 
light absorbed or reflected by the lower shielding flIm 
501 . With respect to return light L2 produced when in- 
temally reflected light, which is reflected by the frame 
shielding Aim 53, and light, which is transmitted through 
the lead wirings 206, are reflected by the back side of 
the TFT an'ay substrate 10 and a polarizing plate, a re- 
tardation plate, and dustproof glass, which are provided 
on the outside of the TFT arrays substrate, the quantity 
of light Anally mixed with the emitted light L^ut display 
is decreased by a quantity corresponding to the quantity 
of light absorbed or reflected by the lower shielding film 
501 . Furthennore, in a multi-substrate projector, with re- 
spect to intemally reflected light produced by further re- 
flection of the return light L2 by the lead wirings 206 and 
the frame shielding flIm 53, the quantity of light Anally 
mixed with the emitted light L^yt for display is decreased 
by a quantity corresponding to the quantity of light ab- 
sorbed or reflected by the lower shielding film 501. 
[0103] The electro-optical device is contained in a 
light-shielding mounting case 800 comprising a resin or 
the lil<e, and thus leakage light in the mounting case 800 
is absorbed by the inner surface of the mounting case 
800. causing no problem. 

[0104] On the other hand, as shown in the compara- 
tive example shown in Figs. 5 and 7 in which the lower 
shielding film 501 is not provided, of the incident light L1 
reflected by the lead wirings 206 or passing through the 
spaces between the lead wirings 206 in the vicinity of 
the periphery of the frame region, i.e., the vicinity of the 
periphery of the image display region 10a, the quantity 
of light L Anally mixed with emitted light Lout for display 
directly or after internal reflection is significantly in- 
creased, as compared with this embodiment comprising 
the lower shielding Aim 501 . In addition, in the compar- 
ative example, with respect to the retum light L2 near 
the frame region, i.e., near the periphery of the Image 



display region 10a, the quantity of light reflected by the 
lead wirings 206 or passing through the spaces between 
the lead wirings 206, further reflected by the inner sur- 
face of the frame shielding film, and Anally mixed with 
emitted light L^m for display directly or after intemal re- 
flection is significantly increased, as compared with this 
embodiment comprising the lower shielding Aim 501. 
[0105] Therefore, in this embodiment comprising the 
lower shielding Aim 501 provided below the pattem por- 
tion comprising the lead wirings 206, it is possible to de- 
crease the occurrence of light having a light-dark pattem 
due to the light and shade of the pattern portion and in- 
terference of light in the emitted light Lq^j for display near 
the periphery of the image display region 10a. There- 
fore, it is effectively possible to prevent the occunrence 
of the light-dark pattem due to the pattem portion near 
the outside of the display image. 
[0106] In this embodiment, the lower shielding Aim 
501 is preferably fomied directly on the flat surface of 
the TFT array substrate 10. or on a flat underlying insu- 
lating film deposited on the flat TFT an'ay substrate 10. 
In this case, substantially no irregularity occurs in the 
surface of the lower shielding film 501 . Therefore, even 
if the incident light LI and return light L2 shown in Figs. 
5 and 7 are partially reflected by the lower shielding film 
501 , and finally mixed with the emitted light Lo^t for dis- 
play, light reflected by the flat lower shielding film 501 
has substantially no interference, and thus the light-dark 
pattem due to interference can be significantly de- 
creased. 

[0107] The lower shielding film 501 comprises a sin- 
gle metal, an alloy, a metal silicide, or a potysilicide, 
which contains at least one of high-melting-point metals, 
for example, Ti (titanium), Cr (chromium), W (tungsten), 
Ta (tantalum), Mo (molybdenum), and the like, or a lam- 
inated layer of these materials. The lower shielding film 
501 is preferably fomied by using the same film as a 
lower shielding film for covering the lower sides of the 
channel regions of the pixel switching TFTs 30 in the 
image display region. Therefore, the lower shielding film 
for shielding the pixel switching TFTs 30 and the lower 
shielding film 501 for preventing the occunrence of the 
light-dark pattem in the frame region can be simultane- 
ously formed in the same manufacturing process. Thus, 
it is possible to simplify the laminated structure on the 
TFT an^ay substrate 10 and the manufacturing process. 
[0108] In the lower shielding film 501, light shielding 
may be mainly performed by reflection, light absorption, 
or both reflection and absorption. In the case in which 
light shielding is mainly performed by absorption, the in- 
cident light LI and the return light L2 near the frame re- 
gion can be attenuated at each time of incidence on the 
light-absorbing film constituting the lower shielding Aim 
501. Particular, when the retum light L2 is a problem, 
the lower shielding film 501 may be formed in a two- 
layer or multi-layer stnjcture comprising a light-absorb- 
ing layer fomried on the TFT array substrate 1 0 side (low- 
er side), and a reflecting film formed on the opposite side 
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(upper side). On the other hand, when the incident light 
L1 Is a problem, the lower shielding film 501 may be 
formed in a two-layer or multi-layer structure comprising 
a light-absorbing layer formed on the counter substrate 
20 side (upper side), and a reflecting film fomried on the 
opposite side (lower side). The light-absorbing layer 
comprises, for example, at least one of a polysillcon film 
and a high-melting-point metal film. 
[0109] Furthemiore, the lower shielding film 501 is 
preferably fonmed in separated islands having a proper 
size unit. When the lower shielding film 501 is fonned In 
the separated islands, the occurrence of stress due to 
the lower shielding film 501 can be relieved, as com- 
pared with a case in which the lower shielding film Is 
formed over the entire frame region. 
[01 10] In this embodiment, as shown in Fig. 4, the low- 
er shielding film 501 is fomned with an overlap width AW 
In the region extending from the outer edge of the image 
display region 10a to the peripheral side. The overlap 
width AW can be previously set according to the inci- 
dence angle of the incident light L1 applied to the frame 
region. In application to a projector for extended projec- 
tion, the incidence angle is generally large, and thus the 
overlap width AW must be increased for preventing the 
occun^ence of the light-dark pattern. The predetermined 
width can be separately set by experiment, experience 
or simulation, or the like in consideration of the specifi- 
cations of the actual device. 

[01 11] A description will now be made of the construc- 
tion of an image display region of an electro-optical de- 
vice according to an embodiment of the present inven- 
tion with reference to Figs. 8 and 9. Fig. 8 is a plan view 
showing a plurality of adjacent pixel groups on a TFT 
array substrate on which data lines, scanning lines, pixel 
electrodes, etc. are formed. Fig. 9 is a sectional view 
taken along ling E-E' in Fig. 8. In Fig. 9, layers and mem- 
bers are shown on different scales in order to show the 
layers and members each having a recognizable size in 
this figure. 

[0112] In Fig. 8, on the TFT an^y substrate of the elec- 
tro-optical device, a plurality of transparent pixel elec- 
trodes 9a (with the outer lines shown by dotted lines 9a') 
is provided in a matrix, and data lines 6a and scanning 
lines 3a are provided along the longitudinal and lateral 
boundaries between the pixel electrodes 9a. 
[0113] Also, the scanning lines 3a are disposed so as 
to face channel regions 1 a' of a semiconductor layer 1a, 
the channel regions la' being shown by oblique lines in 
the figure, and the scanning lines 3a function as gate 
electrodes. Furthemiore, a pixel switching TFT 30 in 
which the con-esponding scanning line 3a is opposed as 
the gate electrode to the channel region la' is provided 
at each of the intersections of the scanning lines 3a and 
the data lines 6a. 

[0114] As shown In Figs. 8 and 9, a relay layer 71 as 
a pixel potential-side capacitance electrode, which is 
connected to the high-concentration drain region 1e of 
each TFT 30 and each of the pixel electrodes 9a, is dis- 



posed opposite to a portion of a capacitance line 300 as 
a fixed potential-side capacitance electrode through a 
dielectric film 75 to form a storage capacitance 70. 
[0115] In a plan view, the capacitance lines 300 are 

5 fomfied in stripes extending along the scanning lines 3a, 
and the portions overlapping with the TFTs 30 project 
upward and downward in Fig. 8. Each of the capacitance 
lines 300 preferably comprises a multilayer laminated 
structure comprising a first film comprising a conductive 

10 polysilicon film having a thickness of about 50 nm, and 
a second film comprising a metal silicide film containing 
a high-melting-point metal and having a thickness of 
about 1 50 nm. In this structure, the second film functions 
not only as the fixed potential-side capacitance elec- 

15 trode of each of the capacitance lines 300 or the storage 
capacitors 70, but also as a shielding layer for shielding 
the upper side of the corresponding TFT 30 from inci- 
dent light. 

[0116] Particulariy, in this embodiment, the capaci- 
20 tance lines 300 are formed between the scanning lines 
3a and the data lines 6a, and thus capacitances are 
formed in the regions overiapping with the scanning 
lines 3a and the data lines 6a. thereby increasing the 
storage capacitors 70. 
25 [0117] On the other hand, a lower shielding film 11 a 
is fonmed in a lattice shape below the TFTs 30 on the 
TFT an-ay substrate 10. The lower shielding film 11a 
comprises a single metal, an alloy, a metal silicide, or a 
polysilicide comprising at least one of high-melting-point 
30 metals, for example, Ti, Cr, W, Ta, Mo, and the like, or 
a laminated film thereof. 

[01 18] Furthermore, the data lines 6a extending in the 
longitudinal direction of Fig. 8 and the capacitance lines 
300 extending in the lateral direction of Fig. 8 are fonmed 
35 to cross each other, and the lower shielding film 11a is 
fomned in a lattice shape, to define the aperture regions 
of the respective pixels. 

[0119] As shown in Figs. 8 and 9, the data lines 6a 
are electrically connected, through contact holes 81 , to 

40 the high-concentration source regions Id of the semi- 
conductor layers la each comprising, for example, a 
polysilicon film. A relay layer comprising the same film 
as the relay layer 71 may be formed for electrically con- 
necting the data lines 6a and the high-concentration 

45 source regions Id through the relay layer and two con- 
tact holes. 

[0120] The capacitance lines 300 are preferably ex- 
tended from the image display region 10a (refer to Fig. 
1), in which the pixel electrodes 9a are disposed to the 

50 periphery thereof, and electrically connected, to a con- 
stant potential source to have a fixed potential. As the 
constant potential source, a constant potential source 
for positive power and negative power supplied to the 
data line driving circuit 1 01 and the scanning line driving 

55 circuits 104 may be used, or a constant potential sup- 
plied to the counter electrode 21 of the counter substrate 
20 may be used. Furthermore, like the capacitance lines 
300, the lower shielding film 11 a provided below the 
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TFTs 30 may be extended from the image display region 
10a to the periphery thereof, and connected to a con- 
stant potential source for avoiding an adverse effect of 
a variation in the potential on the TFTs 30. 
[0121] The pixel electrodes 9a are electrically con- 5 
nected to the high-concentration drain regions 1 e of the 
semiconductor layers 1 a through the relay layers 71 and 
the contact holes 83 and 85. 

(01 22] In Figs. 8 and 9, the electro-optical device com- 
prises the transparent TFT array substrate 10, and the 
transparent counter substrate 20 opposed to the TFT 
array substrate 1 0. The TFT array substrate 1 0 compris- 
es, for example, a quartz substrate, a glass substrate, 
or a silicon substrate, and the counter substrate 20 com- 
prises, for example, a glass substrate or a quartz sub- 
strate. 

[0123] As shown in Fig. 9, the pixel electrodes 9a are 
provided on the TFT array substrate 10, and an align- 
ment film 16 subjected to a predetermined orientation 
treatment such as rubbing or the like is provided on the 
pixel electrodes 9a. Each of the pixel electrodes 9a com- 
prises, for example, a transparent conductive film such 
as an ITO film or the like. The alignment film 16 com- 
prises, for example, a transparent organic film such as 
a polyimide film or the like. 

[0124] On the other hand, on the counter substrate 
20, the counter electrode 21 is fomied over the entire 
surface, and an alignment film 22 subjected to a prede- 
termined orientation treatment such as rubbing or the 
like Is provided below the counter electrode 21. The 
counter electrode 21 comprises, for example, a trans- 
parent conductive film such as an ITO film or the like. 
The alignment film 22 comprises a transparent organic 
film such as a polyimide film or the like. 
[0125] Furthermore, on the counter substrate 20, a 
shielding film may be provided in a lattice shape or 
stripes con-esponding to the non-aperture regions of the 
respective pixels. In this structure, the capacitance lines 
300 and the data lines 6a, which define the aperture re- 
gions as described above, and the shielding film on the 
counter substrate 20 can securely prevent incident light 
from the counter substrate 20 side from being incident 
on the channel regions la', the low-concentration 
source regions lb and the low-concentration drain re- 
gions 1c. Furthermore, when the shielding film on the 
counter substrate 20 comprises a high-reflection film 
formed on at least the incidence side, the shielding film 
functions to prevent a temperature rise of the electro- 
optical device. The shielding film on the counter sub- 
strate 20 is preferably formed with a small width within 
the non-aperture region so as not to narrow the aperture 
regions of the respective pixels when both substrates 
are bonded together. Even with the narrow shielding 
film, redundant light can be shielded, and the effect of 
preventing a temperature rise in the electro-optical de- 
vice due to incident light can be exhibited. 
[0126] In the above-described constmction, a liquid 
crystal as an example of electro-optical materials is 



sealed in the space surrounded by the sealing material 
(refer to Figs. 1 and 2) between the TFT array substrate 
1 0 and the counter substrate 20, which are disposed so 
that the pixel electrodes 9a face the counter electrode 
21, to fomi a liquid crystal layer 50. 
[0127] Furthermore, an underiying insulating film 12 
is provided below the pixel switching TFTs 30, The un- 
deriying insulating film 12 has not only the function to 
insulate the TFTs 30 from the lower shielding film 11a, 
but also the function to prevent a change in the charac- 
teristics of the pixel switching TFTs 30 due to roughening 
at the time of polishing of the surface of the TFT array 
substrate 10, or strains remaining after cleaning, be- 
cause the underiying insulating film 12 is formed over 
the entire surface of the TFT an-ay substrate 10. 
[0128] In Fig. 9, each of the pixel switching TFTs 30 
has a LDD (Lightly Doped Drain) stmcture comprising 
the corresponding scanning line 3a, the channel region 
la' of the semiconductor layer la in which the channel 
is formed by an electric field from the scanning line 3a, 
the insulating film 2 comprising a gate insulating film for 
insulating the scanning line 3a from the semiconductor 
layer 1 a, the low-concentration source region 1 b and the 
low-concentration drain region 1c of the semiconductor 
layer la, and the high-concentration source region Id 
and the high-concentration drain region 1e of the sem- 
iconductor layer la. 

[01 29] Furthermore, a first Interiayer Insulating film 41 
is fomied on the scanning lines 3a, the contact holes 81 
reaching the high-concentration source regions 1d, and 
the contact holes 83 reaching the high-concentration 
drain regions 1e being formed In the first interiayer in- 
sulating film 41. 

[0130] The relay layers 71 and the capacitance lines 
300 are formed on the first interiayer insulating film 41 , 
and a second interiayer insulating film 42 is formed ther- 
eon, the contact holes 81 reaching the high-concentra- 
tion source regions 1d, and the contact holes 85 reach- 
ing the relay layers 71 being formed in the second inter- 
iayer Insulating film 42. 

[0131] The data lines 6a are formed on the second 
interiayer insulating film 42, and a planarized third inter- 
iayer Insulating film 43 is formed on the data lines 6a, 
the contact holes 85 reaching the relay layers 71 being 
formed In the third interiayer insulating film 43. The pixel 
electrodes 9a are provided on the upper surface of the 
third interiayer insulating film 43. 
[0132] In this embodiment, the surface of the third in- 
teriayer insulating film 43 is planarized by CMP (Chem- 
ical Mechanical Polishing) processing or the like to de- 
crease orientation defects in the liquid crystal in the liq- 
uid crystal layer 50 due to the steps caused by the wir- 
ings and the elements provided below the third interiay- 
er insulating film 43. 

[0133] As described above, in the first embodiment, 
the lower shielding film 501 is provided to decrease the 
light-dark pattem projected near the outside of the dis- 
play image due to the pattem portion comprising the wir- 
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Ings such as the lead wirings of the data lines, and the 
circuit elements such as the TFTs 202, which are pro- 
vided in the frame region. Therefore, the frame shielding 
film 53 need not be wide for concealing the light-dark 
pattern, thereby pemiitting the formation of the large im- 
age display region 10a. 

[0134] In addition, in the first embodiment, the lower 
shielding film 501 is provided in a portion con^esponding 
to the pattem portion comprising the wirings such as the 
lead wirings of the data lines, and the circuit elements 
such as the TFTs 202, which are provided In the frame 
region, not formed over the entire frame region. There- 
fore, the occun-ence of stress can be decreased, as 
compared with a case in which the lower shielding film 
is formed over the entire frame region. 
[0135] In the above^lescribed embodiment, as 
shown in Fig. 9, the surface of the third interiayer insu- 
lating film 43 Is planarized to decrease the steps which 
are produced in the regions of the surface (the surface 
of the third interiayer insulating film 43) below the pixel 
electrodes 9a along the data lines 6a and the scanning 
lines 3a by lamination of many conductive layers. How- 
ever, instead of or in addition to this, grooves may be 
formed in the TFT an-ay substrate 10, the underiying in- 
sulating film 12, the first interiayer insulating film 41 , the 
second interiayer insulating film 42 or the third interiayer 
insulating film 43 so that the wirings such as the data 
lines 6a and the like, and the TFTs 30 are buried in the 
grooves to planarize the surface. Alternatively, the up- 
per surface of the second interiayer insulating film 42 
may be planarized by CMP processing or using an or- 
ganic or Inorganic SOG to planarize the surface. 
[0136] Next, second to fourth embodiments relating 
to examples of the planar shape of the lower shielding 
film 501 having the above structure, and modified em- 
bodiments thereof will be described below. In each of 
these embodiments, the lower shielding film 501 com- 
prises a light shielding conductive film. Therefore, each 
of the emt)odiments relates to an example of the shape 
of the lower shielding film 501 suitable for decreasing 
the adverse effect of variations in the electrical state or 
potential of the lower shielding film 501 disposed in the 
frame region on the operation of the circuit elements 
such as the TFTs 202 disposed in the same frame re- 
gion. 

(Second Embodiment) 

[0137] An electro-optical device according to a sec- 
ond embodiment of the present invention will be de- 
scribed with reference to Figs. 10 and 11. Fig. 10 is an 
enlarged plan view of a complementary TFT as an ex- 
ample of a circuit element formed in the frame region in 
the second embodiment, and Fig. 11 is a sectional view 
taken along line A-A* in Fig. 10. In Figs. 10 and 11, the 
same components as the first embodiment shown in 
Figs. 1 to 9 are denoted by the same reference numer- 
als, and a description thereof is omitted. 



[01 38] As shown in Figs. 1 0 and 1 1 , a complementary 
TFT 202a comprises a semiconductor layer 320 com- 
prising a P-channel region 320p and a N-channel region 
320n. Also, the complementary TFT 202a comprises a 

5 combination of a P-channel TFT 202p and a N-channel 
TFT 202n comprising an end of wiring 316 as a gate 
electrode (input side), ends of low-potential wiring 321 
and high-potential wiring 322 as source electrodes, and 
an end of wirings 306 as a drain electrode (output side). 

10 Like the pixel switching TFTs 30, each of the P-channel 
TFT 202p and the N-channel TFT 202n may have a LDD 
structure. Particulariy, in the second embodiment, a low- 
er shielding film 501 a comprising a conductive film such 
as a high-melting-point metal film is formed in separated 

15 islands, and each island portion covering at least the 
lower side of the complementary TFT 202a has a float- 
ing potential. The other components are the same as 
the first embodiment described above with reference to 
Figs. 1 to 9. 

20 [01 39] Therefore, in the second embodiment, the low- 
er shielding film 501a has a floating potential, and thus 
the adverse effect of a variation in the potential of the 
lower shielding film 501 on the characteristics of the 
complementary TFT 202a can be effectively prevented. 

25 [0140] In the second embodiment, like the lower 
shielding film 11a provided in the image display region 
10a, the lower shielding film 501a except the islands 
portions facing the complementary TFTs 202a may be 
fomied in such a manner that a fixed potential is sup- 

30 plied thereto. 

(Third Embodiment) 

[0141] An electro-optical device according to a third 
35 embodiment of the present invention will be described 
with reference to Figs. 12 and 13. Fig. 12 is an enlarged 
plan view of a complementary TFT as an example of a 
circuit element formed in the frame region in the third 
embodiment, and Fig. 13 is a sectional view taken along 
40 line B-B' in Fig. 12. In Figs. 12 and 13, the same com- 
ponents as the first embodiment shown in Figs. 1 to 9 
and the second embodiment shown in Figs. 10 and 11 
are denoted by the same reference numerals, and a de- 
scription thereof is omitted. 
45 [0142] As shown in Figs. 12 and 13, in the third em- 
bodiment, unlike in the second embodiment, particulariy 
a lower shielding film 501 b comprising a conductive film 
such as a high-melting-point metal film is not fomried in 
separated islands, but two slits are formed along two 
50 gate electrodes of each complementary TFT 202b. The 
other components are the same as the second embod- 
iment described above with reference to Figs. 1 0 and 1 1 . 
[0143] Therefore, in the third embodiment, It is possi- 
ble to decrease capacitance coupling between the 
55 source and drain electrodes of each complementary 
TFT 202b due to the parasitic capacitance between the 
lower shielding film 501b and the source electrode, and 
the parasitic capacitance between the lower shielding 
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film 501b and the drain electrode, thereby effectively 
preventing the adverse effect of a variation in the poten- 
tial of the lower shielding film 501 b on the characteristics 
of the complementary TFTs 202b. 
[0144] The lower shielding film 501b may have the 
slits each having a width of, for example, about 1 ^m. 
Even when such slits are formed, the slits cause only a 
relatively smalt lightKJark pattern because the gate elec- 
trodes comprising a conductive polysilicon film exhibit 
some light absorbability. io 
[0145] In the third embodiment, like the lower shield- 
ing film 11 a provided in the image display region 10a, 
the lower shielding film 501b may be formed in such a 
manner that a fixed potential is supplied thereto through 
an extended portion 502. 15 

(Fourth Embodiment) 

[0146] An electro-optical device according to a fourth 
embodiment of the present invention will be described 20 
with reference to Figs. 14 and 1 5. Fig. 14 is an enlarged 
plan view of a complementary TFT as an example of a 
circuit element fonned in the frame region in the fourth 
embodiment, and Fig. 15 Is a sectional view taken along 
line C-C In Fig. 14. In Figs. 14 and 15, the same com- 25 
ponents as the first embodiment shown in Figs. 1 to 9 
and the second embodiment shown in Figs. 10 and 11 
are denoted by the same reference numerals, and a de- 
scription thereof is omitted. 

[0147] As shown in Figs. 14 and 1 5, in the fourth em- 30 
bodiment, unlike in the first embodiment, particularly a 
lower shielding film 501c comprising a conductive film 
such as a high-melting-point metal film is not formed In 
separated large islands based on the semiconductor 
layers 320 of complementary TFTs, but fonned in sep- 35 
arated small islands based on the source and drain re- 
gions of the semiconductor layer 320 of each comple- 
mentary TFT 202c. The other components are the same 
as the second embodiment described above with refer- 
ence to Figs. 10 and 11 . 40 
[0148] Therefore, in the fourth embodiment, it is pos- 
sible to decrease capacitance coupling between the 
source and drain electrodes of each complementary 
TFT 202c due to the parasitic capacitance between the 
lower shielding film 501 c and the source electrode, and 45 
the parasitic capacitance between the lower shielding 
film 501c and the drain electrode, thereby effectively 
preventing the adverse effect of a variation in the poten- 
tial of the lower shielding film 501c on the characteristics 
of the complementary TFTs 202c. so 
[0149] The spaces between the small islands of the 
lower shielding film 501c may be, for example, about 1 
fim. Even when such spaces are fonned, the spaces 
cause only a relatively small light-dark pattern because 
the gate electrode comprising a conductive polysilicon ss 
film exhibits some extent of light absorbability. 
[0150] In the fourth embodiment, like the tower shield- 
ing film 11a provided in the image display region 10a, 



the lower shielding film 501c except the island portions 
facing the complementary TFTs 202c may be formed in 
such a manner that a fixed potential is supplied thereto. 



[0151] An electro-optical device according to a fifth 
embodiment of the present invention will be described 
with reference to Figs. 1 6 and 1 7. Fig. 1 6 is an enlarged 
plan view of a complementary TFT as an example of a 
circuit element formed in the frame region in the fifth em- 
bodiment, and Fig. 17 is a sectional view taken along 
line D-D' in Fig. 16. In Figs. 16 and 17, the same com- 
ponents as the first embodiment shown in Figs. 1 to 9 
and the second embodiment shown in Figs. 10 and 11 
are denoted by the same reference numerals, and a de- 
scription thereof is omitted. 

[0152] As shown in Figs. 16 and 17, in the fifth em- 
bodiment, particularly a lower shielding film 501 d com- 
prising a conductive film such as a high-melting-point 
metal film is formed in separated large islands based on 
the semiconductor layers 320 of complementary TFTs, 
but unlike in the second embodiment, the island portions 
do not have a floating potential. Each of the island por- 
tions is connected to the gate electrode (the input side) 
at an end of wiring 316 through a contact hole 503 to 
have the same potential as the gate electrode. The other 
components are the same as the second embodiment 
described above with reference to Figs. 10 and 11. 
[01 53] Therefore, in the fifth embodiment, back chan- 
nels can be formed by the island portions of the lower 
shielding film 501 d, thereby improving the transistor 
characteristics of the complementary TFTs 202d. 
[01 54] In the fifth embodiment, like the lower shielding 
film 11 a provided in the image display region 10a, the 
lower shielding film 501 d except the island portions fac- 
ing the complementary TFTs 202d may be fonmed in 
such a manner that a fixed potential is supplied thereto. 
[0155] In each of the above-described embodiments 
described above with reference to Figs. 1 to 1 7, the data 
line driving circuit 101 and the scanning line driving cir- 
cuit 1 04 may be electrically and mechanically connected 
to a driving LSI, which is mounted on, for example, a 
TAB (Tape Automated Bonding) substrate, through an 
anisotropic conductive film provided in the periphery of 
the TFT array substrate 10 instead of being provided on 
the TFT array substrate 10. Furthermore, a polarizing 
film, a retardation film, a polarizing plate, and the like 
are provided in any desired direction on each of the in- 
cidence side of the counter substrate 20 and the emis- 
sion side of the TFT array substrate 10 according to the 
operation mode, for example, a TN (Twisted Nematic) 
mode, a VA (Vertically Aligned) mode, a PDLC (Polymer 
Dispersed Liquid Crystal) mode, or the like, and a nor- 
mally white mode/normally black mode. 
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(Sixth Embodiment) 

[0156] An electro-optical device according to a sixth 
embodiment of the present invention will be described 
with reference to Figs. 18 to 20. Fig. 18 is an enlarged 5 
plan view of a portion in the sixth embodiment, which 
corresponds to the portion A shown in Fig. 1, and Fig. 
19 is an enlarged plan view of a portion in a comparative 
example, which con'esponds to the portion A shown in 
Fig. 1 . Fig. 20 is an enlarged sectional view of a portion io 
In the sixth embodiment, which corresponds to the por- 
tion CR shown in Fig. 2. In Figs. 1 8 to 20, the same com- 
ponents as the first embodiment shown in Figs. 1 to 9 
and the second embodiment shown in Figs. 10 and 11 
are denoted by the same reference numerals, and a de- i5 
scription thereof is omitted. 

[0157] In Fig. 18, as described above In the first em- 
bodiment, the lead wirings 206 of the data lines 6a are 
formed on the TFT array substrate 10, and TFTs 202a 
constituting the sample circuit 301 described above with 20 
reference to Fig. 3 are respectively connected to ends 
of the lead wirings 206, Furthermore, in Fig. 18, lead 
wirings 208 (corresponding to an example of the "pat- 
tern portion" of the present invention) of the scanning 
lines 3a are formed. A scanning line driving circuit (refer 25 
to Fig. 1 ) is connected to the extended end (not shown 
in the drawing) of the lead wirings 208. Also, in Fig. 18, 
various wirings 210 and 212 are formed for supplying a 
predetennined potential to the counter electrode on the 
counter substrate 20 (refer to the vertical conductive 30 
materials 106 shown in Fig. 1). Furthermore, like in the 
above embodiments, the lower shielding films 501 and 
501a are fomied for decreasing the number of the lead 
wirings 206a or the TFTs 202a and for partially covering 
the TFT array substrate 1 0 sides thereof (refer to Figs. 35 
4 to 6 or Figs. 10 and 11 ). The wirings 210 and 212 cor- 
respond to an example of a "second pattern portion" in 
the sixth embodiment. 

[0158] Partlculariy, in the sixth embodiment, besides 
the lower shielding films 501 and 501 a, a lower shielding 40 
film 11a (refer to Fig. 9) is formed to cover the TFT array 
substrate 10 sides of the TFTs 30 serving as the pixel 
switching elements formed in the image display region 
10a, and an out-of-region shielding film 501 A Is fonmed 
to cover the entire peripheral region around the image 45 
display region 10a. All the three types of the shielding 
films are simultaneously formed as the same film in a 
manufacturing step. 

[0159] Of these shielding films, the structure of the 
out-of-reglon shielding film 501 A Is described in detail so 
below with reference to Fig. 18. 
[01 60] The lower shielding film 501 is formed to cover 
the lead wirings 206, as shown in the upper left portion 
of Fig. 18 (refer to Fig. 4 or 6). The lower shielding film 
501a Is formed to cover the TFTs 202a constituting the ss 
sample circuit 301 as shown in a middle portion of Fig. 
18 (refer to Fig. 10 or 11). In addition, in Fig. 18, a lower 
shielding film 501 z is provided to cover the lead wirings 



208 led from the scanning lines 3a. These shielding films 
have the same purpose and exhibit the same function 
as the lower shielding film in the above embodiments. 
[0161] The out-of-region shielding film 501A of the 
sixth embodiment comprises a second lower shielding 
film 501 Aa fonned In the region R1 other than the region 
in which the lower shielding films 501a and 501a are 
formed, integrally with the lower shielding films 501a 
and 501a. Namely, the second lower shielding film 
501 Aa is formed in the region R1 other than the region 
in which the lead wirings 206 or the TFTs 202a are 
formed, in the frame region (shown by thick lines in Fig. 
18). Furthermore, the out-of-region shielding film 501 A 
comprises a true out-of-region shielding film 501 Ab 
fonned between the wirings 21 0 and 21 2 provided in the 
region R of the frame region. The true out-of-region 
shielding film 501 Ab may be not fonned below the wir- 
ings 210 and 212. Namely, the true out-of-region shield- 
ing film 501 Ab is divided. 

[01 62] In brief, in the sixth embodiment, the out-of-re- 
gion shielding film 501 A Is formed to cover almost the 
entire region of the TFT array substrate 10 except in 
some cases in which the out-of-region shielding film 
501 A is not formed in the region in which the wirings or 
the circuit elements are formed, as the wirings 210 or 
212. 

[0163] As shown in Fig. 18, slits are formed at appro- 
priate positions of the out-of-region shielding film 501 A. 
Namely, the out-of-region shielding film 501 A is divided 
into islands. In the sixth embodiment, the distance be- 
tween the islands of the out-of-region shielding film 
501 A is set to 2 ^m or less. The out-of-region shielding 
film 501 A having such a shape can be easily fonned by 
proper patteming. 

[0164] The out-of-region shielding film 501 A has the 
following function: In the comparafive example shown 
in Fig. 19 in which the out-of-region shielding film 501 A 
of the sixth embodiment is not formed, the portion of the 
TFT anray substrate 10, which corresponds to the out- 
of-region shielding film 501 A, is exposed (of course, the 
various interiayer insulating films 12, 41, 42 and 43 are 
formed). Therefore, incident light possibly passes "di- 
rectly" through that portion, and is possibly mixed with 
light Lgut (refer to Fig. 4 or 6) for forming a display image 
to affect the image display. For example, when the 
above-described retum light passes through the region 
R1 , is refiected by the frame shielding film 53. and again 
passes through the region R1 , the light is highly likely to 
be mixed with the light L^ut fonrning the display image, 
thereby possibly causing a dim light Image near the 
edge of the image. 

[0165] However, In the sixth embodiment, as de- 
scribed above, the out-of-region shielding film 501A 
comprising the second tower shielding film 501 Aa and 
the true out-of-reglon shielding film 501 Ab Is formed In 
the regions R1 and R2, thereby preventing the above 
phenomenon. Therefore, in the sixth embodiment, it is 
possible to prevent the occunrence of a dim light Image 



25 



30 



35 



40 



45 



50 



16 



31 



EP1 306 716A2 



32 



near the edge of the display image, and display a higher- 
quality image with a good appearance. 
[0166] In the sixth embodiment, the out-of-region 
shielding film 501 A is divided as described above, or the 
true out-of-region shielding film 501 Ab fomned between 5 
the wirings 210 and 212 is divided into large parts ac- 
cording to place. Therefore, the internal stress can be 
relatively decreased, as compared with a case in which 
such a shielding film Is formed over the entire region. It 
is thus possible to prevent the phenomenon that the out- io 
of-region shielding film 501 A is broken by its own inter- 
nal stress, or cracks occur in the peripheral components 
(for example, the underlying insulating film 12, and the 
like), thereby providing an electro-optical device with 
high reliability. 15 
[0167] When the out-of-region shielding film 501A is 
divided into islands in the region R1 , the distance be- 
tween the islands is 2 ^m or less. Therefore, light pass- 
ing though the spaces between the islands is unlikely to 
again pass through the spaces after being reflected by 20 
the frame shielding film 53 at the back of the out-of-re- 
gion shielding film 501 A. Consequently, the light is high- 
ly unlikely to be mixed with the light L^^ for forming the 
display image, thereby significantly decreasing the in- 
fluence of the spaces on the display image. Therefore, 25 
in the sixth embodiment, it is possible to obtain the initial 
effect of the out-of-region shielding film 501 A, i.e., the 
function to prevent the occurrence of a light image 
around the display image, while obtaining the function 
of the island-fomied shielding film 501 A, i.e., the func- 30 
tion to decrease internal stress. 
[0168] Although, in the sixth embodiment, the out-of- 
region shielding film 501 A is formed to cover almost the 
entire surface of the TFT array substrate, the out-of-re- 
gion shielding film 501 A is not necessarily formed over 35 
the entire surface of the TFT array substrate 1 0 from the 
viewpoint of the present invention. In fact, in Figs. 18 
and 19, the out-of-region shielding film 501 A is divided 
at an appropriate position, and it is thus apparent that 
the out-of-region shielding film 501 A is not necessarily ^ 
fonned over the entire region of the TFT array substrate 
10. 

[0169] More specifically, for example, the out-of-re- 
gion shielding film of the present invention may be 
fomned only in the portion WW shown in Fig. 20. In Fig. 45 
20, the portion WW is positioned between the edge 801 a 
of the display window formed in the mounting case and 
the edge of the lower shielding film 501 . This is because 
traveling of light is cut off by the mounting case 801 In 
the portions other than the portion WW, and it is thus so 
thought that the "direct" passage of light substantially 
occurs only in the portion WW. It is thus sufficient that 
the out-of-region shielding film is formed only in the por- 
tion WW (refer to reference numeral 501 B or traveling 
of light LA). 55 
[0170] In this embodiment, light shielding can be ef- 
fectively realized, and the occurrence of the problem 
due to the internal stress of the out-of-region shielding 



film 5016 shown in Fig. 20 can be suppressed because 
the out-of-region shielding film 501 B Is formed in an ap- 
propriate necessary area. 

[0171] Since the electro-optical device of each of the 
embodiments is applied to a projector, three electro-op- 
tical devices are respectively used as RGB light values, 
and color lights, which are produced by separation 
through RGB color separation dichroic mirrors, are re- 
spectively incident as incident lights on the light valves. 
In each of the embodiments, a color filter is not provided 
on the counter substrate 20. However, in the counter 
substrate 20, a RGB color filter may be fonned in pre- 
determined regions facing the pixel electrodes 9a to- 
gether with a protective film. In this case, besides the 
projector, the electro-optical device of each of the em- 
bodiments can be applied to a direct viewing or reflective 
color electro-optical device. Alternatively, a microlens 
may be formed on the counter substrate 20 correspond- 
ing to each of the pixels. A color filter layer may be 
fomfied. by using color resist, below the pixel electrodes 
9a facing the RGB colors formed on the TFT an^ay sub- 
strate 10. In this case, the efficiency of convergence of 
incident light can be Improved to realize a bright electro- 
optical device. Furthermore, interference layers having 
different refractive indexes may be deposited on the 
counter substrate 20 to fomi a dichroic filter for making 
the RGB colors by using interference of light. By using 
the counter substrate with the dichroic filter, a brighter 
color electro-optical device can be realized. 

(Electronic apparatus according to embodiment) 

[0172] The whole constnjction, particularly the optical 

construction, of a projection color display device will be 
described as an example of an electronic apparatus us- 
ing one of the above-described electro-optical devices 
as a light valve according to an embodiment of the 
present invention. Fig. 21 is a schematic sectional view 
of a projection color display device. 
[0173] In Fig. 21 , a liquid crystal projector 1100 as an 
example of the projection color display device of this em- 
bodiment comprises three liquid crystal modules each 
comprising a liquid crystal device in which driving cir- 
cuits are mounted on a TFT an-ay substrate, the mod- 
ules being respectively used as RGB light valves 100R. 
100G and 100B. In the liquid crystal projector 1100, 
when incident light is emitted from a lamp unit 1102 of 
a white light source such as a metal halide lamp or the 
like, the incident light is separated into light components 
R, G and B con-esponding to the three primary colors 
RGB by three min-ors 1106 and two dichroic min-ors 
1108, and these light components are respectively in- 
troduced into the light valves 1 0OR, 1 0OG and 1 0OB cor- 
responding to the respective colors. Particularly, B light 
is introduced through a relay lens system 1 1 21 compris- 
ing an incidence lens 1122, a relay lens 1123 and an 
emission lens 1124 in order to prevent a light loss due 
to a long optical path. Then, the light components cor- 
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responding to the primary colors are modulated by the 
light valves 100R, 100G and 100B, again combined by 
a dichroic prism 1112, and projected as a color image 
on a screen 1120 through a projector lens 1114. 
[0174] The electro-optical device of the present inven- 
tion can also be applied to an electrophoretic device, an 
EL device, etc. 

[0175] The present invention is not limited to the 
above embodiments, and appropriate modification can 
be made within the scope of the present invention, which 
can be found from the claims and the specification. The 
technical field of the present invention also include an 
electro-optical device and an electronic apparatus ac- 
cording to modified embodiments. 



Claims 

1 . An electro-optical device comprising: 

a display electrode disposed in an image dis- 
play region of a substrate; 
a pattern portion comprising at least one of wir- 
ing and a circuit element connected to the dis- 
play electrode directly or through a pixel switch- 
ing element and provided in a frame region, 
which defines the periphery of the image dis- 
play region; and 

a lower shielding film for covering the substrate 
side of at least a portion of the pattern portion. 

2. An electro-optical device according to Claim 1 , fur- 
ther comprising a frame shielding film provided 
above the pattern portion in the frame region. 

3. An electro-optical device according to Claim 1, 
wherein the lower shielding film is provided above 
the flat surface of the substrate directly or through 
a flat underlying insulating film. 

4. An electro-optical device according to Claim 1 , fur- 
ther comprising a second transistor connected as 
the pixel switching element to a pixel electrode con- 
stituting the display electrode, the wiring being con- 
nected to the second transistor. 

wherein the circuit element comprises a first 
transistor, and the display electrode comprises the 
pixel electrode. 

5. An electro-optical device according to Claim 4, 
wherein a film comprising the same film as the lower 
shielding film is provided at least below the channel 
region of the second transistor. 

6. An electro-optical device according to Claim 1, 
wherein the lower shielding film comprises a light- 
absorbing film. 



7. An electro-optical device according to Claim 6, 
wherein the light-absortDing film comprises at least 
one of a polysilicon film and a high-melting-point 
metal film. 

5 

8. An electro-optical device according to Claim 1, 
wherein the lower shielding film is Islanded. 

9. An electro-optical device according to Claim 1, 
10 wherein the lower shielding film comprises a con- 
ductive film. 

10. An electro-optical device according to Claim 9, 
wherein a fixed potential is supplied to at least a por- 

15 tlon of the lower shielding film. 

11. An electro-optical device according to Claim 9, 
wherein at least a portion of the lower shielding film, 
which is deposited below the first transistor, has a 

20 floating potential. 

12. An electro-optical device according to Claim 11, 
wherein said at least the portion of the lower shield- 
ing film, which is deposited below the first transistor, 

25 comprises a portion islanded for separating a por- 
tion facing the source electrode of the first transistor 
and a portion facing the drain electrode of the first 
transistor. 

30 13. An electro-optical device according to Claim 9, 
wherein at least a portion of the lower shielding film, 
which is deposited below the first transistor, com- 
prises slits for separating a portion facing the source 
electrode of the first transistor and a portion facing 

35 the drain electrode of the first transistor. 

14. An electro-optical device according to Claim 9, 
wherein the lower shielding film is not deposited be- 
low the channel region of the first transistor. 

40 

15. An electro-optical device according to Claim 9, 
wherein at least a portion of the lower shielding film, 
which is deposited below the channel region of the 
first transistor, has a gate potential of the first tran- 

45 slstor. 

16. An electro-optical device according to Claim 1, 
wherein the lower shielding film is formed to extend 
from the outer edge of the image display region to 

50 the peripheral side by a predetermined width which 
is previously set according to the incidence angle 
of incident light applied to the frame region. 

17. An electro-optical device comprising: 

55 

a display electrode disposed In an image dis- 
play region of a substrate; 
a pattern portion comprising at least one of wir- 



18 



35 



EP 1306 716 A2 



36 



ing and a circuit element connected to the dis- 
play electrode directly of through a pixel switch- 
ing element and provided in a frame region, 
which defines the periphery of the image dis- 
play region; 

a first lower shielding film for covering the sub- 
strate side of at least a part of the pattern por- 
tion; and 

a second lower shielding film comprising the 
same film as the first lower shielding film and 
formed in the frame region except In the region 
where the pattem portion is formed. 

18. An electro-optical device according to Claim 17, 
wherein the second lower shielding film is islanded. 

19. An electro-optical device according to Claim 18, 
wherein the distance between the adjacent islands 
is 4 ^ or less. 

20. An electro-optical device according to Claim 1 7, fur- 
ther comprising a mounting case for mounting the 
electro-optical device, the mounting case having a 
display window corresponding to the image display 
region. 

wherein the second lower shielding film is 
formed in at least a portion of the region between 
the edge of the display window and the edge of the 
image display region. 

21. An electro-optical device according to Claim 1 7, fur- 
ther comprising a frame shielding film disposed 
above the pattem portion In the frame region, the 
frame shielding film comprising aluminum. 

22. An electro-optical device comprising: 

a display electrode disposed in an image dis- 
play region of a substrate; 
a pattem portion comprising at least one of wir- 
ing and a circuit element connected to the dis- 
play electrode directly or through a pixel switch- 
ing element and provided in a frame region, 
which defines the periphery of the image dis- 
play region; 

a lower shielding film for covering the substrate 
side of at least a portion of the pattern portion; 
an in-region shielding film comprising the same 
film as the lower shielding film and formed to 
cover the substrate side of the channel region 
of a second transistor serving as the pixel 
switching element; and 

an out-of-region shielding film comprising the 
same film as the tower shielding film and the in- 
region shielding film, and fonmed in at least a 
portion of a peripheral region around the image 
display region, the peripheral region including 
the frame region. 
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23. An electro-optical device according to Claim 22, 
wherein the out-of-region shielding film comprises 
a second lower shielding film comprising the same 
film as the lower shielding film, and formed in the 
frame region except in the region in which the pat- 
tem portion is formed. 

24. An electro-optical device according to Claim 22, fur- 
ther comprising a peripheral circuit provided in the 
peripheral region so as to be connected to the pat- 
tem portion, for driving the display electrode. 

wherein the out-of-region shielding film is 
fornied in a region except in the region in which a 
second pattem portion is formed for connecting at 
least a pair of wirings, a pair of circuit elements con- 
stituting the peripheral circuit, or a pair of wiring and 
circuit element. 

25. An electro-optical device according to Claim 22, 
wherein the out-of-region shielding film is islanded. 

26. An electro-optical device according to Claim 25, 
wherein the distance between the adjacent islands 
is 4 ^m or less. 

27. An electro-optical device according to Claim 22, fur- 
ther comprising a mounting case for mounting the 
electro-optical device, the mounting case having a 
display window con-esponding to the Image display 

region, 

wherein at least one of the second lower 
shielding film and the out-of-region shielding film is 
formed In at least a portion of the region between 
the edge of the display window and the edge of the 
image display region. 

28. An electro-optical device according to Claim 22, fur- 
ther comprising a frame shielding film disposed 
above the pattem portion in the frame region, the 
frame shielding film comprising aluminum. 

29. An electronic apparatus comprising an electro-op- 
tical device according to any one of Claims 1 to 28. 
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